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Gamma-ray spectrometry is a well established method for that it is envisaged that CsI(Tl)-photodiode arrays will prove
the exploration of the surface of solar system planetary bod-to be a valuable alternative. Other missions where a low
ies which have thin atmospheres. Activation of the surface power, lightweight, compact and rugged spectrometer would
elements by high-energy particles results in the emission ofbe of value include those of lander modules and surface-
gamma-rays which carry quantitatieed qualitative infor- roving vehicles.
mation about the composition of the upper tens of centime-
ters of the surface. This technique can be used to study the CsI(Tl)-photodiode arrays of 37 and 96 elements have
chemistry of the Moon, Mercury, Mars, comets and the as- been successfully tested in laboratory conditidB8{4]

teroids. In order to fully understand the emerggnhma-ray
spectrum, it is important to resolve many tbe spectral
lines, whilst minimising the effect of the Compton back-

leading to the 4096-element array planned for ESA’s
INTEGRAL mission. The prototype model developed for use
in a possible planetary gamma-ray spectrometer consists of

ground and escape peak lines. The use of a compact array 019 elements, hexagonal in cross section, in which each pixel
CslI(Tl)-photodiode detectors offers significantly better en- has an across-flats dimension of 2 cm and a length of 5 cm.
ergy resolutionthan other established scintillator based There are several advantages of using CsI(TI) arrays com-

gamma-ray spectrometers ( GRS 3-8 % at 5 MeV ) and
offers the prospect of using event-selection techniques suche
as pair-spectrometry to suppress the Compton continuum and
remove the escape peaks. A complex Lugamma-ray

emission spectrum was derived based on calculations using
the Apollo data [1]. A Monte Carlo calculatiomas then

performed to model the response of the CsI(Tl)-photodiode
array to thisgamma-ray spectrum. The results show that a
CslI(Tl)-photodiode array GRS will provide a clearer and

thus more easily deconvolved energy-loss spectrum than any

other room temperature GRS. Thigy provide significant
advantages for future planetary missions.

Recently, there have been several European spacecraft

missions, studied or proposed, that have includgdrama-

ray spectrometer in their scientific payload. These include:

¢ MORO. A proposed European Lunar orbiting observa-
tory for the global characterisation of the moons surface.

¢ Mercury Orbiter . A proposed European mission, com-
bining planetary and space physics objectives including
the determination of its surface composition by measur-
ing its X- and gamma-ray emission.

« LEDA. A candidate for the European Lunar lander mis-
sion in Phase 1 of the proposed Moon programme.

¢ SMALL. Has been proposed as a mission to initiate
public and political support for Lunar missions in
Europe.

¢ Rosetta A lander rendezvous with a comet to perform
scientific experiments on the surface.

The optimum gamma-ray instrument, to provide the
highest energy resolution, would normally be a HPGe GRS,
cooled to about 100K. However, for certain missions, active
cooling systemsnay beruled out by themass or power con-
straints. The proposed Mercury Orbiter is one such mission «
[2]. To overcome this problem, consideration must be given
to suitable scintillation detectors which have a poorer energy
resolution than HPGe but need no cooling. It is in this area

pared with a traditional GRS.

Because of the very small size of the photodiode and pre-
amplifier, they form only a small fraction of the overall
detector volume. Thus for an equivalent mass, the sensi-
tivity of the CsI(TI) array will be higher than that for
HPGe and Nal(Tl) detectors.

The ability of the instrument to read out each element in

the arrayboth independently and in coincidence with

other channels, allows the data to be processed in several

ways depending on the energy of the interaction.

e The geometry of a CslI(Tl) array is flexible anthy be
tailored to make best use of the available mass budget.

The energy resolution of a single element of the 19 ele-
ment array is shown in Figure 1. At low energies the source
of energy broadening is predominantly due to noise from the
photodiode and pre-amplifier. At energies of several MeV
the energy resolution of the detector is mostly dependent on
the light output of the scintillation crystal and the intrinsic
broadening. Since CslI(Tl) has a greater light output than
most other scintillators and is reasonably well matched to the
response of the photodiode the energy resolution for CsI(Tl)
is significantly better than that obtained with Nal(Tl) or BGO

at room temperature.

The optimum dimensions of the pixels depends on sev-

eral factors.

Firstly, for a given mass of scintillator, there will be an
optimum depth to achieve the maximum sensitivity for
the detection of incident gamma -rays from a planar ,
isotropic source. This is a balance between the stopping
power of the crystal and effective area of the detector.
The optimisation for the prototype array was based on a
10 kg detector viewing a planar, isotropic source of 5
MeV photons.

The energy resolution of the individual elements at sev-
eral MeV is governed by the light-collection efficiency,
which is in turn governed by the length-to-width ratio of
the crystals. Thus, for a given length of crystal, there will
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be a minimum width for which a good energy resolution  The simulated response of a 10 kg Csl(Tl)-photodiode array,

can be achieved. to the complex Lunar emission spectrum is shown in Figure

» Coincidence spectrometry requires that the pixelation of 3. The spectrum shows qualitatively that even from the raw,
the detector should be as fine as possible. However , simple summation spectrum, many features are apparent.
there is an upper limit to the length-to-width ratio for When the photon statistics are good it will also be possible to

which a good light collection efficiency can be achieved. apply event-selection criteria such as pair coincidence spec-
tometry, greatly reducing the detector-generated Compton
An across-flats dimension of 2 cm was selected for the 5 cm continuum, and removing escape peaks. The spectrum then
long crystals. It may be noted that improved energy resolu- becomes clearer and easier to interpret.
tion can be achieved if shorter crystals are used. However,
this will be at the expense of the sensitivity.
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Figure 1. Energy resolution V's Energy for a 19 mm AF by 50 mm
long CsI(TI) element
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Figure 3. The Simulated Response of a 10 kg CslI(Tl)-photodiode Array
The gamma-ray spectrum emerging from the lunar surface to the Complex Lunar Emission Spectrum (Fig. 2.)
has been calculated by many people [1], [5], [6] using the

data generated during the Apollo missions. The spectrum  These results show that Csl(Tl)-photodiode arrays are a vi-
used as the input to the Monte Carlo model was derived us- aple option where mission constraints prevent the use of

ing this work and is shown in Figure 2. cooled HPGe and can provide a more detailed energy-loss
spectrum than any other established room temperature GRS.
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Figure 2. TheDerived Lunar Spectrum Used to Determine the Re-
sponse of the Csl(Tl)-photodiode array



